The successful use of plant-microbe systems based on legumes in agriculture requires creation of new cultivars of crop legumes effectively interacting with microbes. For the selection of cultivars of crop legumes, the effectiveness of interaction with beneficial soil microorganisms (EIBSM) trait has been proposed. EIBSM is estimated as a percentage of increment in a number of agriculturally important parameters (plant biomass, number and total biomass of seeds, as well as weight of 1000 seeds) after applying the microbial inoculum compared to untreated control. The aim of this study was to evaluate the EIBSM trait in a pot experiment involving two pea (Pisum sativum L.) genotypes that have shown high and low effectiveness of interaction with beneficial soil microflora in a three-year field experiment. The highly effective in symbiosis with nodule bacteria and arbuscular-mycorrhizal fungi genotype k-8274 (France, cv. Vendevil) and ineffective genotype k-3358 (Saratov region, Russia) from the VIR Collection of cultivated peas of N.I. Vavilov All-Russian Institute of Plant Genetic Resources were used in the study. Plants were grown during the summer season of 2012 in a greenhouse in the 5-liter pots on sod-podzolic light loamy soil. Treatment variants were as follows: control (untreated soil); nodule bacteria + arbuscular mycorrhizal fungi (NB + AMF); nodule bacteria (NB); mineral nutrition (NPK). Variants of soil moisture were as follows: low moisture (watering with 30 % of full moisture capacity, FMC) and optimal moisture (watering with 60 % of FMC). Mineral fertilizers (NPK) were applied in the form of pure salts in a dose of 0.1 mg a.i. per 1 kg of soil. For NB inoculation, the effective strain Rhizobium leguminosarum bv. viciae RCAM1026 was used. AM fungi for inoculation were propagated on the sorghum (Sorghum sp.) roots. A mixed inoculum containing three AMF isolates, Rhizophagus irregularis (syn. Glomus intraradices) RCAM8 (= BEG144), R. irregularis BEG53 and Glomus sp. ST3, was applied. Samples were gathered at the budding stage, after 1 month of vegetation (to determine the amount of nodules and the dry plant biomass) and at the end of vegetation about 3 months after planting (to determine the dry plant biomass, seed weight and amount). When grown in pots, highly effective and ineffective genotypes demonstrated the expected differences in EIBSM. The dry weight after 1 month of vegetation of highly effective k-8274 genotype showed a statistically significant increase in the NB and NPK variants compared to the control. At the same time, this parameter in the ineffective genotype k-3358 significantly increased only under the influence of mineral nutrition, but not nodule bacteria. Also, under treatment of NB, k-8274 genotype increased 1000 seed weight, while in k-3358 under the same treatment this parameter was slightly decreased. Statistically significant negative effect of low soil moisture on all estimated parameters in k-3358 genotype and the majority of the estimated parameters in k-8274 genotype was also revealed. Thus, the plants grown in the pot experiment are equivalent to the material grown in the field, and therefore can be used to determine physiological and biochemical markers of functioning of symbiotic systems in order to identify the molecular basis of EIBSM trait. For modeling the pea EIBSM trait in a pot experiments it is recommended to use at least 6 replicas for each genotype. Also, it is necessary to carefully control the soil moisture.
garden pea, Pisum sativum L.
To minimize the chemical impact on the environment (reducing application of chemical fertilizers and agents for protection against pathogens) [1, 2] and the adverse effect of environmental factors (unfavorable weather conditions, impact of pathogens, etc.) [3) , it is advisable to use microbilogical preparations, for example, those based on nodule bacteria or arbuscular mycorrhizal fungi that have positive influence on plants [4, 5] . There are also preparations containing a complex of beneficial soil microorganisms [6, 7) .
Legume plants are crops suitable for cultivation within the modern concept of adaptive plant growing that was shown for lentils [8] , soya [9] , peas [10, 11] , beans [12, 13] , chickpeas [14] , and other legumes [15] [16] [17] . The successful use of plant-microbe systems based on legumes requires creation of entirely new cultivars capable of effectively interacting with beneficial soil microorganisms [17, 18] . One of the methods to achieve the purpose is to mobilize plant genetic resources, i.e. search for valuable gene alleles that can improve symbiotic properties and height parameters of a plant when introducing into a genotype.
The nitrogen fixation effectiveness trait is traditionally used when selecting legume crops for the increased symbiotic potential [19] [20] [21] . It has also been proposed to consider the integral trait of the effectiveness of interactions with beneficial soil microorganisms (EIBSM) [17, 22] which is estimated as an increment in a number of economically important parameters (plant biomass, seed number and total weight, as well as weight of 1000 seeds) after applying microbiological preparations as compared to untreated control. Earlier, the field experiments on 25 pea genotypes allowed estimating EIBSM variability and identifying contrast genotypes (highly effective and ineffective when interacting with beneficial soil microorganisms) [10, 12] .
In this work, we have considered for the first time the possibility of EIBSM modelling in a pot experiment as well as assessed the impact of soil moisture content on the trait emergence.
The aim of the study was to evaluate the effectiveness of interactions of two pea genotypes (that had shown high and low effectiveness in a field experiment) with beneficial soil microorganisms in the model pot experiment.
Technique. The highly effective in symbiosis with nodule bacteria k-8274 genotype (France, Vendevil cultivar) and ineffective k-3358 genotype (Saratov Province, Russia) of edible peas (Pisum sativum L.) from the VIR collection of cultivated peas (N.I. Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg) were used in the study [23] . The plants were grown during the summer season of 2012, in greenhouses, in the 5-liter pots (3 plants in each pot) on sod-podzolic light loamy soil (Leningrad Province, area of Belogorka Science and Production Association), C humus 1.27 % and N total 0.11%, pH salt 4.92. Agrochemical soil studies were conducted using generally accepted methods [24] . Calcium carbonate was used to chalk the soil.
Treatment variants were as follows: control (untreated soil); nodule bacteria + arbuscular mycorrhizal fungi (NB + AMF); nodule bacteria (NB); mineral fertilizers (NPK). The effect of low (30 % of the full moisture capacity, FMC) and optimal (60 % of the FMC) moisture content was compared as well (there were 6 replicates for the optimal watering and 3 replicates for 30 % FMC watering). Mineral fertilizers (NPK) were applied in the form of pure salts at a dose of 0.1 mg of a.i. per 1 kg of soil (N 0.1 P 0.1 K 0.1 ). Ammonium nitrate NH 4 NO 3 , monobasic calcium phosphate Са(H 2 PO 4 ) 2 ŁH 2 O, and potassium chloride KCl were applied. For the NB inoculation, the effective strain of Rhizobium leguminosarum bv. viciae RCAM1026 from the collection of All-Russian Research Institute for Agricultural Microbiology was used [25, 26] . The bacteria were grown for 3 days with aeration in the liquid medium ¹ 79 (K 2 HPO 4 0.5 g/l; MgSO 4 Ł7H 2 O 0.2 g/l; NaCl 0.1 g/l; CaCO 3, traces; mannitol 10 g/l; yeastrel 0.4 g/l). Then, sterilized seeds of edible peas were added to the suspension of bacteria having 10 7 -10 8 cell titer and placed on a shaker for 12 hours [27, 28] . The mycorrhizal fungi for inoculation were propagated on sorghum (Sorghum sp.) roots in the soil mixed with washed filter cake (WFC) [6, 29] . A mixed inoculum contained three AMF isolates from the collection of AllRussian Research Institute for Agricultural Microbiology, the Rhizophagus irregularis (syn. Glomus intraradices) RCAM8 (= BEG144), R. irregularis BEG53 and Glomus sp. ST3. Before planting, the AMF inoculum was mixed with soil in the amount of 20 g per a pot, and 1.5 g of inoculum was added under each pea seed.
Plants were sampled at budding-blooming after 1 month of vegetation (to count the number of nodules and determine the dry plant weight) and at the end of vegetation about 3 months after planting (to determine the dry plant weight, seed weight and number).
Statistical processing was carried out in SigmaPlot 12.0 (Systat Software, USA). The effect of moisture and treatment factors on the traits was assessed by the two-way analysis of variance for each genotype. The Student's t-test was used to compare treatment variants to each other. The weight of 1000 seeds calculated as (weight of plant seeds/number of plant seeds) ½ 1000 was estimated using the nonparametric Mann-Whitney U-test.
Results. The two-way analysis of variance has revealed the statistically significant negative effect of the low soil moisture on all estimated parameters in ineffective k-3358 genotype and the majority of those in highly effective k-8274 genotype (Table, Fig.) . At the same time, the treatment variant had no expressed effect (see Table, Fig.) . Therefore, EIBSM in limited volume pots was strongly affected by the soil moisture that surpassed the impact of symbiotic microorganisms and mineral fertilizers.
At the low moisture, the aboveground dry biomass of k-8274 plants gathered in 1 month of vegetation did not change depending on the treatment variant (see Fig., A) . The significant gain in biomass in the NB and NPK variants as compared to the control was observed under the optimal moisture conditions. As for k-3358, the estimated parameter did not change in the lack of moisture, and the significant gain was revealed at the optimal moisture when treated with mineral fertilizers, but not nodule bacteria. The low moisture amplified the effects of NB + AMF treatment on the aboveground dry biomass of k-8274 genotype plants gathered upon completion of vegetation (see Fig., B) . No data on this treatment variant was available for k-3358. Probably, the formation and support of the arbuscular mycorrhizal symbiosis under the moisture deficit in a confined pot volume were energetically unfavorable for the plants. The NB treatment against the low moisture resulted in the decrease of k-3358 plant biomass that evidenced of its low effectiveness when interacting with symbionts. In the optimal moisture conditions, the statistical significance was characteristic of mineral fertilizers, but not the treatment with microorganisms. Perhaps, the positive effect of microorganisms was abolished during long vegetation due to the stress experienced by plants because of limited volume pots.
The number of seeds of k-8274 (see Fig., C) decreased in the NB + AMF variant under the low moisture. The treatment with NB only had no considerable impact on the parameter in both genotypes at either optimal or low moisture. The positive effect of mineral fertilizers was noted for k-8274 and k-3358 at the optimal moisture, but not when there was a lack of moisture. The NB + AMF treatment had adverse effect on the weight of seeds for k-8274 genotype (see Fig., D) in the low moisture conditions. The same effect was observed when treating k-3358 seeds with NB at moisture deficiency. The weight of seeds increased only due to mineral fertilizers applied at the optimal soil moisture.
The 1000 seed weight in k-8274 genotype did not depend on the control moisture and, however, increased when treating with NB (statistically significant only in the optimal moisture conditions) (see Fig., E) . For k-3358 genotype, the 1000 seed weight, to the contrary, decreased slightly after the NB treatment (statistically significant in the lack of moisture conditions). It is consistent with the results of field experiments where the weight of 1000 seeds increased after treatment with microbiological preparations in the highly effective genotypes and did not change or decreased slightly in the ineffective ones [10, 22] .
The application of mineral fertilizers had adverse effects on the number of nodules (see Fig., F) that was associated with activation of autoregulation systems (negative control over the energy-consuming nodule formation when there was sufficient amount of bound nitrogen in soil) [30, 31] . The lack of moisture led to decreased number of nodules in k-3358 genotype in any treatments. The NB inoculation (including NB + AMF) against the lack of moisture inhibited the nodule formation in both genotypes because of autoregulation. The optimal moisture variant showed the decrease in the number of nodules in k-8274 genotype in case of NB + AMF that was probably associated with the operation of common autoregulation system of nodular and arbuscular mycorrhizal symbioses [30] [31] [32] . The number of nodules when using only NB was higher in k-8274 compared to the untreated control that may be a genetically reduced ability for the nodule formation in this genotype.
Thus, the pea genotypes which showed the high and low effectiveness when interacting with nodule bacteria in the field experiments had similar differences in the greenhouse trial. For example, the statistically significant gain in plant biomasses 1 month after planting and in 1000 seed weight, when inoculated with nodule bacteria (as compared to the non-inoculated control), was observed only in highly effective k-8274 genotype, while ineffective k-3358 genotype demonstrated no positive relation with inoculation by these parameters. On the contrary, the weight of plant seeds when inoculated with nodule bacteria in the insufficient moisture conditions decreased significantly as compared to the non-inoculated control. Hence, still unknown genetic programs underlying EIBSM are implemented similarly in pot experiments and under field conditions. The material grown in the pot experiment is equivalent to that obtained in field and may be used to identify molecular underpinnings of genetic control of EIBSM trait through the transcriptomic sequencing.
So, for modeling the integral EIBSM trait (effectiveness of interactions with beneficial soil microorganisms) in peas in pot experiments, at least 6 replicates for each genotype should be used. It is also necessary to control the soil moisture since the drought stress masks the beneficial action of microorganisms reducing differences between the highly effective and ineffective genotypes. The budding-blooming stage at which first distinctions between genotypes are noted can be recommended to collect materials for analyzing differential expression of genes, enzymatic activity and identifying other physiological and biochemical markers of symbiotic system functioning.
